Regulation of the levels of the five enzymes required for the biosynthesis of isoleucine and valine was studied in a Saccharomyces sp. When a mixture of isoleucine, valine, and leucine was added to the medium, the enzymes in the wild-type strain were repressed from about 30% (transaminase B) to about 907(7 (acetohydroxy acid synthetase) relative to the level in minimal medium-grown cells. Repression was also observed when threonine replaced isoleucine in the mixture but not when it replaced the other two amino acids. Significant derepression relative to the level in minimal-grown cells was not obtained by growing suitably blocked auxotrophs on medium containing limiting amounts of valine, isoleucine, or leucine.
It has been known for some time (8, 17, 21) that Neurospora and yeast synthesize valine and isoleucine by pathways comparable to those in bacteria. The regulation of the synthesis of these enzymes has been well studied in Escherichia coli and Salmonella typhimurium (1, 3, 12, 13) . However, very little is known about the process in eucaryotes.
In Saccharomyces cerevisiae, it has been shown that control of enzyme activity at the level of endproduct inhibition is similar to that found in bacteria. Thus, threonine deaminase is inhibited by isoleucine and acetohydroxy acid synthetase is inhibited by valine (6, 9, 14) . Little is known about the regulation of the synthesis of these enzymes. Magee and deRobichon-Szulmajster (Fed. Proc., p. 753, 1966) indicated that in yeast some repression could occur on complex media, but that the repression was apparently not multivalent, since repression did not occur upon the addition of the three branched-chain amino acids to the medium. Recently, the same authors (9) were unable to find any systematic changes in the level of threonine deaminase in the same organism.
The gene-enzyme relationship for most of the enzymes in the isoleucine-valine pathway has been established, and the gene positions have been located on the chromosomes (7, 9, 20) . These studies have shown that the genes are scattered on different chromosomes, ruling out the existence of an operon or a cluster of genes organized into more than a single operon as was found for the corresponding genes in E. coli (13 (18) .
RESULTS
Levels of isoleucine-and valine-forming enzymes in the wild-type strain grown in minimal medium and the effect of adding branched-chain amino acids to the minimal growth medium are shown in Table 1 . Repression of the isoleucinevaline enzymes in this strain to levels below those found when the cells were grown on a minimal medium was obtained when all three branched- chain amino acids were added, but not when isoleucine and valine only or leucine alone was added. Thus, repression of the isoleucine-valine enzymes is probably multivalent, that is, it requires isoleucine, valine, and leucine, although threonine can replace isoleucine. Experiments not reported in Table 1 have shown that threonine can replace only isoleucine, but not valine or leucine. This observation may indicate that the presence of threonine in the medium leads to a high isoleucine pool in the cell (presumably via a-ketobutyrate). Other combinations of exogenous amino acids tested caused no repression of these enzymes. Repression also occurred in a complex medium, e.g., Halvorson medium supplemented with tryptone and yeast extract ( Table 1 ). This repression was of the same magnitude as that seen on addition of the branched-chain amino acid supplements.
To study the kinetics of repression, some pilot experiments using the isomeroreductase, the most stable enzyme in the pathway, were performed. After the transfer of cells from a (repressing) medium supplemented with yeast extract and tryptone to minimal medium (Fig. 1) , there was an approximately twofold elevation of the isomeroreductase level within the first generation after the medium shift to a value close to the steady state level of minimal medium-grown cells. On the reverse shift, from minimal to enriched medium, there was a repression which could be readily explained by cessation of synthesis, followed by dilution of the enzyme by the growth of the cells (Fig. 2) . Absence of coordination of repression. Although all the enzymes of the pathway were repressed to some extent, the repression was apparently not tightly coordinate. Threonine deaminase and transaminase B were least subject to repression, the "repressed" (supplemented medium) levels always being less than the "unrepressed" (minimal medium) levels. This finding, nevertheless, is unlike that of Magee and deRobichon-Szulmajster (14) , who were unable to find any systematic changes in the level of threonine deaminase in their strain. The acetohydroxy acid synthetase was more strongly repressed than any of the other enzymes tested, being as low as one-sixth the level in minimal medium-grown cells. The isomeroreductase and the dihydroxyacid dehydrase exhibited intermediate degrees of repression. Such a seemingly loose coordination of regulation of enzyme synthesis is clearly of interest in relation to the scattered genes of the pathway. It is perhaps worth noting that such an uncoordinated system would place some restraint on the constancy of structure of any multienzyme aggregate of the enzymes in this pathway, a possibility raised by Kakar and Wagner (7) .
Derepression of the isoleucine-valine-forming enzymes. To study further the regulation of enzyme synthesis in the pathway, several attempts were made to elevate the levels of the enzymes above those found when the cells were grown on a minimal medium. Despite a variety of approaches, no derepression was observed, although perhaps it is of value to list some of the approaches. Several isoleucine-valine and leucine auxotrophs were grown either in batch or chemostat culture with a required amino acid provided in -3) , an isoleucine and valine requirer lacking dihydroxyacid dehydrase, was grown in batch culture with isoleucine limiting and in a chemostat with limiting valine (Table 2) . Under these conditions, where strong derepression would be found in E. coli (1), no derepression was observed.
Strain Q-869 is-1, an isoleucine-requiring mutant lacking threonine deaminase, was grown in batch culture with an excess of isoleucine, valine, and leucine, and with isoleucine limiting. Although there was some repression with isoleucine, valine, and leucine present, the increase in specific activity on limiting isoleucine was very small (Table 2 ). When isoleucine was replaced exogenously by a-aminobutryrate as a source of a-ketobutyrate, a potential inducer of the pathway, some small elevation of the enzyme levels was observed, suggesting that inducers play no very active part in the regulation, at least under these conditions.
Strain 8917 (le-l, le-2) is a leucine auxotroph, with lesions in both the a-isopropylmalate isomerase and the f3-isopropylmalate dehydrogenase, which showed a 10-fold derepression of the aisopropylmalate synthetase when grown either batchwise or in a chemostat on limiting leucine (15) . Under such conditions, no derepression of the isoleucine-and valine-forming enzymes was found; in fact, the threonine deaminase appeared lower in the chemostat ( Table 2) . Growth of wild-type cells in media containing a rich supply of nutrients with the absence of either isoleucine or valine has been shown to result in derepression of the isoleucine-valine enzymes in Bacillus subtilis (G. W. Hatfield, personal communication). However, this method caused no derepression in Saccharomyces (Table 3) . DISCUSSION The apparent inability of yeast to be derepressed with respect to the isoleucine-valine enzymes, at least under the conditions examined here, could imply that, on minimal medium, these enzymes are being synthesized at their maximal rate. If one assumes that the corresponding enzymes in bacteria and yeast exhibit comparable catalytic capacity and that the lower activity represents low amount of enzyme, the regulatory mechanism in yeast may represent an evolutionary advance over that in bacteria. In the latter, the mere absence of the signal, "repress," leads in some enzyme systems to very high and physiologically detrimental levels of a single or even several enzymes. If yeast has preserved the capacity to repress enzymes when they are not needed but has developed a mechanism to limit derepression to minimal medium levels, the control mechanism is indeed a more sophisticated one.
The multivalent repression of these enzymes in bacteria is known to involve at least the activation of valine and isoleucine by the corresponding aminoacyl transfer ribonucleic acid (tRNA) synthetases (11, 19) . Although comparable findings have not been reported for any biosynthetic pathway in yeast, it will be of interest to see whether the isoleucyl-tRNA synthetase-deficient mutant recently isolated by Hartwell and McLaughlin (5) exhibits any alteration in the isoleucine-valine biosysnthetic enzymes.
Even though large changes in the amounts of the enzymes involved in the biosynthesis of isoleucine and valine in yeast have not been found, the regulation of their pathway may be quite effective, since marked derepression does not seem to occur and, furthermore, metabolite flow is regulated as shown by others through end-product inhibition.
